Sexual dysfunction in men has been associated with many factors, including older age; poor general health; comorbidities and associated medications; lower levels of high-density lipoprotein cholesterol and of dehydroepiandrosterone; psychologic factors, such as depression, anxiety, anger, relationship/partner concerns, and dominance; and lifestyle factors, such as smoking and diet ( 1 -7 ). Sexual dysfunction in men has also been linked to the use of the 5-alpha-reductase inhibitor finasteride. For example, in one doubleblind study of men with benign prostatic hyperplasia, sexual dysfunction (including decreased libido, impotence, and ejaculation disorders) at 12 months was reported by 12.5% (of n = 297) of those who received 5 mg of finasteride compared with 4.7% (of n = 300) of those who received placebo ( 8 ). In a similar trial with
longer follow-up, sexual dysfunction at 12 months was reported by 10.8% (of n = 543) of the men in the 5 mg finasteride arm compared with 5.2% (of n = 555) of the men in the placebo arm. Placebo arm follow-up ceased after 12 months; men on finasteride were followed for 36 months. By 36 months, 62% of adverse sexual events had resolved in the men receiving 5 mg of finasteride ( 9 ) . The Prostate Cancer Prevention Trial (PCPT), with its very large sample and a follow-up period of 7 years, offered an excellent opportunity to evaluate effects of finasteride on sexual dysfunction for longer than 3 years; sexual dysfunction was therefore a prespecified secondary endpoint for the PCPT.
The PCPT was a 7-year randomized, double-blind, placebocontrolled trial of the effi cacy fi nasteride for the prevention of prostate cancer ( 10 -15 ) . Trial results indicated a 24.8% reduction in the prevalence of prostate cancer among men who took fi nasteride. Finasteride use was also associated with fewer urinary symptoms but more sexual dysfunction side effects than placebo ( 14 ) . During the trial, for purposes of participant education, the Data Safety and Monitoring Committee approved an analysis of placebo-arm PCPT participants; this analysis showed that men in the placebo arm reported increased sexual dysfunction during the fi rst 2 years of the trial even though they were not taking fi nasteride ( 15 ) . This fi nding was consistent with the results of studies such as the Massachusetts Male Aging Study ( 1 ) . Together, these results indicate the need to incorporate both the time on study and participant age in any evaluation of the impact of fi nasteride on sexual dysfunction.
In this study, we quantifi ed the effect of fi nasteride on sexual dysfunction in PCPT participants for the 7 years of the trial and compared the magnitude of its effect with that of naturally occurring infl uences, with that of relevant covariates associated with male sexual dysfunction, and with individual variation both within and between treatment arms.
Subjects and Methods

Prostate Cancer Prevention Trial Participants
The PCPT enrolled 24 482 men between October 13, 1993 , and December 6, 1996 . After a 3-month run-in period, 18 882 men were randomly assigned to receive finasteride or placebo. Men had to be 55 years old or older to be eligible ( 14 ) . Consent forms and the PCPT protocol were approved by the institutional review boards at the participating institutions; all men provided written informed consent. To be included in this analysis, participants were required to have completed questionnaires that included the Sexual Activities Scale and questions about other covariates at the time of randomization and the Sexual Activity Scale at least two times after randomization. A total of 17 313 PCPT participants were included in this analysis ( Fig. 1 ).
Sexual Dysfunction Outcome
Assessment of sexual dysfunction in the PCPT included two participant-completed questionnaires [i.e., the Sexual Problems Scale ( 16 ) and the Sexual Activity Scale] and sexual toxicity ratings that were completed by clinical research associates. Selfreported patient measures were obtained at study enrollment, at randomization, at 6 months after randomization, and annually for 7 years; assessments by clinical research associates were made every 6 months beginning at study entry. We used the Sexual Activity Scale rather than the Sexual Problems Scale because 44% of PCPT participants reported Sexual Problems Scale scores of zero at ran domization and because a substantial number of zero scores were maintained over time ( 17 ) . These data indicate that the Sexual Problems Scale is not well suited for investigation of subtle longitudinal change in this population. The large number of zero scores on the Sexual Problems Scale constitutes a "floor effect" that is impossible to remove with any transformation usually employed to reduce skew and improve distributions. By contrast, the Sexual Activity Scale elicited very few zero scores (<1%) and the responses approximated a normal distribution.
The four-item Sexual Activity Scale was developed for the PCPT (by D. L. Patrick and C. M. Moinpour) based on items used previously in benign prostate hyperplasia research ( 18 ) : ability to have an erection when desired (fi ve response levels), degree of participant ' s satisfaction with his sexual activities (four response levels), change in sexual performance (seven response levels), and frequency of sexual activities (seven response levels). Each item is transformed to a 0 -100 scale, and the overall Sexual Activity Scale score is computed as the mean score for the four items. Scores can range from 0 to 100, with higher scores refl ecting more sexual dysfunction (less positive sexual activity).
CONTEXT AND CAVEATS
Prior knowledge
The use of the 5 ␣ -reductase inhibitor finasteride has been linked to sexual dysfunction in men. However, results from previous studies including the Prostate Cancer Prevention Trial (PCPT) have suggested that evaluations of the impact of finasteride on sexual dysfunction must take into account the amount of time on study and participant age, as well as individual variation among men.
Study design
PCTP participants completed questionnaires regularly throughout the 7 years of the study to quantify the effects of finasteride and other factors (e.g., age, medical conditions, smoking status) on sexual dysfunction over time.
Contribution
Finasteride caused a small average increase in sexual dysfunction that decreased over time. The effects of finasteride treatment on sexual dysfunction were clinically less relevant than natural sources of variability in the study population.
Implications
Finasteride would cause little or no sexual dysfunction for most men who might take it.
Limitations
Patient-reported outcomes were not collected from participants who temporarily or permanently discontinued taking the assigned study drug, and sexual dysfunction side effects were often cited as the reason for discontinuing. The scale used to measure sexual dysfunction was not an established psychometric measure before its use in the PCPT.
Downloaded from https://academic.oup.com/jnci/article-abstract/99/13/1025/940535 by guest on 16 February 2019 We documented the psychometric properties of the Sexual Activity Scale in several ways. The internal consistency reliability ( 19 ) of the Sexual Activity Scale at study enrollment was 0.66 ( 7 ) . Generally, reliability coeffi cients of 0.70 or more are considered to be acceptable for group-level comparisons ( 20 ) . However, in a longitudinal study, a more appropriate estimate of scale reliability is the composite reliability for a longitudinal outcome, as measured by the intraclass correlation coeffi cient over multiple assessments ( 21 ) ; for four assessments, the composite reliability was 0.89, and for the eight PCPT assessments (beginning 6 months after randomization), it was 0.94. Known groups validity was documented ( 20 ) , with the Sexual Activity Scale differentiating between groups of participants in the expected direction: for example, older versus younger participants reported more sexual dysfunction as did participants with diabetes, high blood pressure, and depression and those who were current smokers ( 7 ). The Sexual Activity Scale is also highly correlated with the Sexual Problems Scale, a previously validated measure ( 16 ) ; correlation coeffi cients ranged from .71 to .78 over the nine assessment points beginning with randomization (Student's t tests, P <.001 at all nine time points). These correlation coeffi cients are as large as mathematically possible given the reliabilities of the scales; hence, the two scales represent alternative measures of the same construct ( 20 ) of sexual dysfunction.
Covariates
Health-related quality of life was a secondary endpoint in the PCPT to ensure that giving healthy men a chemopreventive agent would not cause undue harm; this outcome was a covariate in the analyses presented here. Participants completed three questionnaires: the Health Survey Short Form-36 (SF-36), which was completed at study enrollment, 6 months after randomization, and annually for 7 years; the Participant Report of Symptoms (including the Sexual Activity Scale), which was completed at enrollment, randomization, 6 months after randomization, and annually for 7 years; and the Participant Lifestyles survey, which was completed at enrollment only ( 7 ) . In addition, participants were monitored by clinical research associates for side effects, complications, and other clinical endpoints four times a year. Three of the SF-36 health-related quality of life scales were treated as covariates in this analysis: the Physical Functioning, the Mental Health Inventory-5, and the Vitality scales ( 22 ) .
The Participant Lifestyles survey assessed four health behaviors: smoking status, physical activity, diet (not examined in this analysis), and alcohol use. Physical activity was reported in metabolic equivalents (METs) ( 23 -27 ) ; this variable was not a statistically signifi cant covariate in the fi nal models. The number of drinks consumed per day was calculated as the sum of the responses to the health behaviors questionnaire items on beer, wine, and hard liquor consumption. Smoking status at enrollment was categorized as current smoker, former smoker, or nonsmoker. We assessed the dose effect of smoking on sexual dysfunction in the subset of participants who were currently smoking. To measure smoking dose, we examined the number of years the participant had smoked (duration), one of the two components of pack-years (number of packs per day and duration of smoking) rather than the composite variable, pack-years; the composite variable is considered to be problematic because both components are independent predictors (Gritz ER: personal communication).
Self-reported race was coded as white (non-Hispanic), black (regardless of ethnicity), or other. Body mass index (BMI) was also calculated.
Statistical Methods
Submission Rates. If participants were missing responses for one of the four items, the missing item was ignored in the computation of the mean overall score. Participants who were missing responses for two or more items were classified as missing that assessment on the Sexual Activity Scale. Questionnaire submission rates were calculated by treatment arm by dividing the number of questionnaires submitted by the number of participants who were expected to complete the questionnaire. Participants who stopped taking study drug (a "drug holiday") were not required to complete health-related quality of life forms until they returned to on-treatment status (active drug or placebo). Model Selection. We considered two classes of models for this analysis. A discontinuous regression model (which generates "hockey-stick" trajectory patterns) ( 28 ) included the Sexual Activity Scale score at randomization as one of the longitudinal assessment points but introduced a special onset term for the initial gain in sexual dysfunction following randomization. An analysis of covariance model, by contrast, treated the Sexual Activity Scale score at randomization as a covariate for predicting the longitudinal assessment of sexual dysfunction following randomization. Hierarchical models ( 29 ) without covariates other than a time variable and the treatment effect (and, when appropriate, a variable marking treatment onset) were run using the mixed model procedure in SAS statistical software (version 9.0) ( 28 ) to compare these two classes of models. Plots of the residuals, model fi t, and random effects for the two classes of models were compared and, on the basis of these comparisons, we selected the analysis of covariance model, which treated the Sexual Activity Scale score at randomization as a covariate in the analysis of posttreatment measures. Compared with the discontinuous regression model, the analysis of covariance model gave a substantially better fi t to the data and produced residual and random effect plots that more closely matched a normal distribution.
Covariate Selection. Our initial selection of other possible covariates was based on a review of the literature (e.g., 1 -7,17,30); preliminary models reduced this larger set of variables described above (see "Covariates") to a minimal set of covariates that included age (as a continuous variable), smoking status at enrollment (current versus former smoker; reference category, nonsmoker), diabetes (presence versus absence), hypertension (presence versus absence), and the SF-36 scales, Physical Functioning, Mental Health Inventory-5, and Vitality scores (as continuous variables). Each variable was included as a single covariate as well as with a time interaction in the longitudinal analyses, which began at 6 months after randomization. The remaining variables were compared in a subset of participants with no missing covariates by using the Bayesian Information Criterion ( 28 ) . On the basis of this comparison, the best model added only BMI and the BMI-by-time interaction to the minimal set of predictors. The number of years smoked by current smokers was not statistically signifi cant, and this dose variable was dropped from further consideration.
Model Fit Assessments.
Mixed-effects models ( 29 ) with correlated random time slopes and intercepts were used to fi t the analysis models. As in standard multiple regression, each model incorporated the fi xed effects of fi nasteride treatment, time on study, demographic and comorbidity covariates, the Sexual Activity Scale score at randomization, and covariate interactions with time on study. In addition to the fi xed effects, which estimate population relationships, the mixed-effects models also provided variance estimates ("random effects") that accounted for differences among participants in their level of sexual dysfunction 6 months after randomization and their rate of change in sexual dysfunction over the course of the study. The analytic approach we used treats these individual differences as distinct from measurement and other random errors. Preliminary comparisons of nested models indicated that it was not necessary to include an interaction term between treatment arm and the Sexual Activity Scale score at randomization.
Clinically Signifi cant Predictors. All continuous covariates (i.e., the Sexual Activity Scale score at randomization; Physical Functioning, Mental Health Inventory-5, and Vitality scores; age; and BMI) were adjusted by subtracting the population median from individual scores. This adjustment made it possible for the intercept term to stand for the Sexual Activity Scale score at 6 months after randomization for the "median man" (i.e., a man in placebo arm of the PCPT who did not smoke, was not diabetic or hypertensive, and had median scores on all linear covariates at 6 months after randomization). Two-sided general t tests ( 31 ) with a cutoff of P value less than .05 were used to determine statistical signifi cance for mixed model effects: 95% confi dence intervals (CIs) are provided.
Results
Participant Characteristics and Questionnaire Submission Rates
Demographic and clinical characteristics of study participants were similar between the two arms ( Table 1 ). Questionnaire submission rates for usable Sexual Activity Scale forms (i.e., those that could be used to calculate a total sexual activity score) were high in both study arms, ranging from 98% in each arm at study enrollment to 92% in each arm at 7 years after randomization (finasteride [enrollment, randomization, 6 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years]: 98%, 98%, 93%, 95%, 94%, 94%, 93%,93%, 92%, 92%; placebo [enrollment, randomization, 6 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years]: 98%, 98%, 93%, 95%, 94%, 94%, 94%, 93%, 92%) . However, although the questionnaire completion rates were high among participants taking the assigned study drug (i.e., those expected to submit questionnaires), the number of men who stopped taking their assigned study drug (i.e., went off treatment) between randomization and 6 months differed statistically significantly ( P <.001, chi-square test) between the finasteride and placebo arms. Consequently, the number of men who had Sexual Activity Scale scores at study randomization and at 6 months after randomization also differed statistically significantly between the two arms; this pattern continued throughout the 7-year study period ( P <.001, chisquare test). In addition, because the primary reason for going off treatment was sexual dysfunction, our selection of analysis methods for these data must be based on the actual number of available Sexual Activity Scale forms and whether or not there is any bias associated with the reason for missing forms. To evaluate whether the declining rates might have induced some systematic difference in the composition of the treatment arm participants over time, we conducted a simple sensitivity analysis. We compared the full dataset model for the Sexual Activity Scale -dependent variable with models run on the subsets of participants with the fewest and the most Sexual Activity Scale assessments (data not shown). Because these three models were nearly identical in both the size and the direction of key coefficients, we treated the missing data as data missing at random ( 32 ) in the mixed model analyses reported below.
Sexual Dysfunction Outcomes
The descriptive data in Table 2 show sample sizes and mean Sexual Activity Scale scores and standard deviations for the two study arms at all time points. Participants who received finasteride reported slightly higher scores (i.e., more sexual dysfunction) than those who received placebo beginning 6 months after randomization. By the end of the study (i.e., at 7 years after randomization), the sample || Physical activity defined as exercise by walking and reported in MET units. A MET unit is the amount of energy expended when a person is at rest (requiring approximately 3.5 ml of oxygen per kilogram of body weight per minute). An activity index was calculated based on walking information from the Participant Lifestyles survey. Walking pace was used to assign a value for MET intensity levels; 1 MET represents a resting metabolic rate obtained during quiet sitting. MET values used ranged from 0 to 4.5 based on self-reported walking pace. MET values were multiplied by self-reported number of hours walking per week. The resulting value, MET-hours,was used as the activity index in this analysis. Multiplying MET -hours by the weight of the participant in kilograms yields the total number of calories burned by walking in a week ( 23 -26 ) .
size decreased to 56% of the men at study entry in the placebo arm (n = 5169) and 52% of the men at study entry in the finasteride arm (n = 4777). Table 3 presents the full formal coeffi cient estimates for the effects described above under "Model Selection" and "Covariate Selection." Although the P values for most estimates were highly statistically signifi cant, the magnitudes of the estimates were often small in terms of practical clinical impact, as we describe below. In particular, there was a statistically signifi cant difference between the two treatment arms on the Sexual Activity Scale score after statistical adjustment for prerandomization differences: participants who received fi nasteride reported Sexual Activity Scale scores that were, on average, 3.21 points higher (95% CI = 2.83 to 3.59 points; P <.001) than those reported by participants who received placebo.
Model complexity and unfamiliar metrics can obscure interpretation of the key statistical results shown in Table 3 . Therefore, in Table 4 , we have re-expressed the estimates from Table 3 in terms of equivalent coeffi cients that are easier to interpret. These reexpressions take three forms. One type of re-expression provides a more natural interpretation for the complicated time interactions in Table 3 . The second type of re-expression transforms the * Sexual activity scale scores can range from 0 to 100; higher scores reflect greater sexual dysfunction. PCPT = Prostate Cancer Prevention Trial; SD = standard deviation. † There were 5438 usable Sexual Activity Scale forms for men who were enrolled but not randomly assigned; the mean score (SD) for these men was 45.6 (19.9) . These values are not reflected in Table 2 because they were not included in either the finasteride or placebo groups. Among those participants who were randomly assigned, a greater number of questionnaires were submitted at enrollment, but slightly fewer scores were usable because of missing responses (see "Statistical Methods" section). arbitrary units of the SF-36 scales into more natural ones. The third type of re-expression provides effect sizes that scale impact relative to the expected variation in Sexual Activity scores among "similar men" who are otherwise identical (see below for more precise defi nition).
The estimates in Table 4 show how the impact of covariates assessed at baseline changed at representative time points: baseline (i.e., 6 months after randomization), 3.5 years after baseline (i.e., 4 years after randomization), and 6.5 years after baseline (i.e., 7 years after randomization). The estimates tabulated at each of the three time points denote the effect of the described covariate at that time. For example, the fi nasteride effect at baseline is 3.21, indicating that the mean Sexual Activity Scale score for the fi nasteride group exceeds the mean Sexual Activity Scale score for the placebo group by 3.21 Sexual Activity Scale points (adjusted for all other covariates in the model) at 6 months after randomization. The comparable mean difference 6.5 years later was 2.11 Sexual Activity Scale points. Despite the high levels of statistical significance reported for fi nasteride in Table 3 , these mean effects, and the changes in the mean effects, are small when considered relative to the 0 -100 range of the Sexual Activity Scale.
The second form of re-expression in Table 4 provides a practical clinical interpretation of the SF-36 scales, psychometric variables with arbitrary units. The original estimates (in Table 3 ) defi ned the expected change in Sexual Activity based on a change of one unit in an SF-36 scale. Because a one-unit change in an SF-36 scale is too small to have clinical meaning, we rescaled the original SF-36 effect estimates by multiplying each estimate by 100 (the full range of the scale), as shown in Table 4 . The rescaled estimates in Table 4 are statistically equivalent to the estimates in Table 3 but are easier to interpret: that is, the estimates in Table 4 for the SF-36 scales represent the expected difference in Sexual Activity Scale scores between two otherwise identical men having the maximum possible difference on a single SF-36 scale. For example, consider two men, one with a score of 100 (best possible score) and the other with a score of 0 (the worst possible score) on the Physical Functioning scale at 6 months after randomization. The Physical Function estimate of − 5.54 [ − 0.055 × 100] (95% CI = − 6.88 to 4.20; P <.001) refl ects an expected advantage of 5.54 Sexual Activity Scale points for the man with the score of 100 on Physical Functioning. A difference of 100 points is, of course, unlikely in two otherwise identical men, but nonetheless provides an interpretable standard. In this example, even the maximum possible difference on the Physical Functioning scale would correspond to a difference of only 5.54 points -i.e., a small difference -on the 0 -100 Sexual Activity Scale; smaller, more realistic diff erences in Physical Functioning estimates would correspond to proportionally smaller differences in Sexual Activity Scale points.
The third form of reexpression in Table 4 compares the size of the effect estimate relative to the natural variation among similar men. By "similar men," we refer to men in the same treatment arm who were similar to each other with respect to all demographic and medical characteristics coded in the analysis. Table 4 presents effect ratios for those covariates, such as fi nasteride and hypertension, which have natural interpretations as the presence or absence of a condition. These effect ratios were computed as the ratio of the effect estimate (the mean Sexual Activity Scale score for those having the condition minus the mean score for those not having the condition) to the standard deviation in the Sexual Activity Scale among similar men who were similarly measured (i.e., control for measurement error). Because the standard deviation describes a typical deviation for a population, the effect ratio compares the typical difference in Sexual Activity Scale scores between similar men in two different conditions (covariate of interest in the numerator) to the typical deviation expected within similar men (the denominator). The denominator for the effect ratios was estimated as the square root of the between-person variance of the intercept (i.e., the Sexual Activity Scale score when time = 0) from the mixed-effects analysis: the typical deviation among similar men, similarly measured was approximately 10.85 Sexual Activity Scale points. This value indicates excellent sensitivity for the scale, just as large variabilities for measures such as weight and height indicate the underlying scales are sensitive and reliable. A related index of scale sensitivity is the typical difference between two randomly selected similar men, similarly measured. This expected person-to-person difference (after controlling for measurement error) is 15.34 points (i.e., 10.85 × √ 2). Even the larger effect estimates in Table 4 were dwarfed by this intrinsic variability. The largest effect ratio in Table 4 , which was associated with current smoking at 6.5 years, was 0.32; the effect ratio for fi nasteride at 6.5 years was 0.20.
In general, the practical impact of fi nasteride and the covariates on the Sexual Activity Scale scores was small. The largest effect of fi nasteride on sexual function was a mean difference of 3.21 points at 6 months after randomization, which was associated with an effect ratio of only 0.30. Diabetes, hypertension, and smoking also did not have large impacts on Sexual Activity Scale scores. The effects of the SF-36 functioning measures were even smaller. As already noted, a difference of the full 100-point range of each SF-36 scale would generate only small differences in the Sexual Activity Scale score, which also has a range of 100 points ( − 5.54, − 1.63, and − 7.32 for the SF-36 Physical Functioning, Mental Health Inventory-5, and Vitality scales, respectively). In a more realistic clinical context, a 10-point difference in an SF-36 scale score would yield expected adjusted Sexual Activity Scale score differences at 6 months after randomization of − 0.55 ( − 5.54/10), − 0.16 ( − 1.63/10), and − 0.73 ( − 7.32/10) points for the SF-36 Physical Functioning, Mental Health Inventory-5, and Vitality scales, respectively; mean differences of less than one point on the 0 -100 Sexual Activity Scale are very small in real terms. The effects of BMI, though statistically signifi cantly different from zero, were also extremely small; 1-point differences in BMI (equivalent to a weight increase of about 7 pounds for a man with a median height of 70 inches) yielded expected differences of much less than 1 point in sexual dysfunction; the negative effect of BMI on Sexual Activity Scale scores increased slightly over time.
The coeffi cient of the age variable (chronological age at randomization) and the coeffi cient of the interaction of age and time were among the larger effects on Sexual Activity Scale scores in Tables 3 and 4 . At baseline, the estimated age coeffi cient of 0.49 describes an expected increase of 0.49 Sexual Activity Scale points per year of age. For example, a 70-year-old man 6 months after randomization might expect to have a Sexual Activity Scale score that was 4.9 points higher (worse) than a 60-year-old man 6 months after randomization. Longitudinal age changes occurring in both treatment arms are somewhat more potent than age differences. The time effect estimate of 1.26 Sexual Activity Scale points per year from Table 4 translates to average decrements of 4.43 points (95% CI = 4.05 to 4.81 points; P <.001) and 8.22 points (95% CI = 7.52 to 8.92 points; P <.001) by 3.5 years and 6.5 years on study, respectively. Figure 2 depicts the relative expected impacts of covariates on Sexual Activity Scale scores in terms of number of Sexual Activity Scale points associated with selected study covariates, as well as the typical difference between the sexual dysfunction of any two "similar" men and the typical deviation from the average "similar" man. This fi gure illustrates the clinical importance of these covariates and the degree of intrinsic, systematic interindividual variation in sexual dysfunction that remains even after accounting for all the measured covariates, including treatment assignment.
Discussion
Sexual dysfunction was of particular interest in the PCPT because finasteride had been reported to cause erectile dysfunction ( 8 , 13 , 14 ) . The large sample size and 7-year follow-up of the PCPT provided an opportunity to characterize the relationship between finasteride and broader sexual dysfunction using a health-related quality of life assessment. Our results indicate that, on average, finasteride caused a small increase in sexual dysfunction by the time of the first assessment after randomization. This small effect decreased over time, a finding that was generally consistent with the results of an earlier study ( 9 ) and had the added value of 4 additional years of follow-up. Other covariates yielded similarly small effects, with the exception of age. Older age at randomization predicted greater sexual dysfunction at the rate of 0.49 points per year, or approximately 1 point for every 2 years of age. Chronological aging, indexed with the time variables in this longitudinal design, had a greater effect on sexual dysfunction than finasteride, with sexual dysfunction increasing on average 1.26 points per year. The average longitudinal (time) increase in the Sexual Activity Scale score over the course of the study (6.5 years) was 8.22 points. This increase is presumably the result of normal aging in this cohort, although standard longitudinal designs cannot logically disentangle true aging from shared study influences occurring in the two treatment arms.
Our study has several limitations. One limitation is that patientreported outcomes were not collected for participants who had temporarily or permanently discontinued taking the assigned study drug, and sexual dysfunction side effects were often cited as the reason for dropping out. In fact, as noted above, there were statistically signifi cantly more men with missing questionnaire data at 6 months after randomization in the fi nasteride arm than in the placebo arm and participant dropout was greater in the fi nasteride arm during the 7 years of the trial. However, our fi nding that model coeffi cients for participants with all assessments did not differ from those with missing assessments during the course of the 7-year study supports our use of analysis techniques that assume data were missing at random ( 32 ) . Therefore, we believe that the attrition over 7 years, although greater in the fi nasteride arm than in the placebo arm, did not compromise our evaluation of the impact of fi nasteride and other covariates on sexual dysfunction.
Another limitation is the fact that the Sexual Activity Scale had not been used in research before its use in the PCPT, which could cast doubt on its validity as a sound psychometric measure of sexual dysfunction. However, in this study, we have documented the reliability, validity, and sensitivity to change of the Sexual Activity Scale, supporting the scientifi c generalizability of fi ndings obtained with it and its use in future research. In addition, the statistical methods we used incorporated repeated assessments optimally so that effect estimates were obtained in terms of a theoretical reliable variable that was completely separate from measurement error, a key feature of the theory of multilevel, structural equations and of mixed-effects models, such as the one we used ( 29 , 33 ) . As noted in the "Results" and below, the Sexual Activity Scale was sensitive to individual variation both between and within participants. Figure 2 shows that the Sexual Activity Scale captures a large degree of This fi gure illustrates the expected impacts of study covariates on Sexual Activity Scale scores. Also shown are two estimates of individual differences in Sexual Activity Scale scores. These values are shown in terms of the number of Sexual Activity Scale points. The Sexual Activity Scale points are adjusted for the Sexual Activity Scale score at randomization. SD = standard deviation; Mental Health = SF-36 Mental Health Inventory-5 score; Physical Function = SF-36 Physical Function Scale; baseline = 6 months after randomization.
interindividual variation in men's self-reported sexual dysfunction as well as the smaller effect of different covariates, indicating that the dependent measure is sensitive to systematic differences at a wide range of scales.
At a more practical level, our results clearly show that the Sexual Activity Scale was able to detect a variety of other covariate effects besides the fi nasteride effect and to compare the degree of impact of these other variables with that of the fi nasteride. For example, the effect of aging (time on study) was 8.22 points for the duration of 6.5 years on study, and the typical true difference between two similar men was 15.34 points. Relative to other covariate effects and individual variation, the fi nasteride effect of 3.21 points was small.
Our fi ndings, as well as results of ongoing work, may ultimately contribute to clarifying the risk -benefi t profi le of fi nasteride for prostate cancer prevention ( 14 ) . Our data show that the effects of fi nasteride treatment are clinically far less relevant than natural sources of variability in this heterogeneous population and suggest that fi nasteride would cause little or no sexual dysfunction for most men who might take it.
